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ABSTRACT 


The  susceptibtiity  of  a  PRC-77  Radio  to  a  simulated  nuclear  electromagnetic  pulse  (EMP)  was 
investigated.  DetaOed  evaluation  procedures  and  resuits  are  presented,  it  Is  shown  that  under  normal 
operating  conditions,  with  either  the  72-cm  or  2.9-m  antenna,  it  Is  very  unlikely  that  there  will  be  any  damage 
to  the  radio  In  the  event  of  an  EMP.  It  should  be  noted  that  this  was  one  of  the  first  evaluations  performed 
in  the  .Defence  Research  .Electromagnetic  £uise  .Simulator  (DREMPS)  and  the  investigation  was  viewed 
primarily  as  a  means  of  optimizing  general  analysis  techniques. 


Resume 

Ce  rapport  analyse  la  susceptibility  du  radio  PRC-77  aux  impulsions  6iectromagn6tiques  (IEM) 
simul6es.  Une  6tude  d6taiil6e  des  procedures  d'6valuation  et  des  r6suitats  est  pr6sent6e.  II  est  d6montr6 
que  sous  des  conditions  normafes  d‘ operation,  avec  une  antenne  de  72  cm  ou  de  2.9  m,  8  est  peu  probable 
que  le  radio  soil  endommagy  par  les  impulsions.  Cette  6valuation  a  6t6  i’une  des  premieres  k  utPiser  le 
simulateur  d'lEM  de  10  m  du  CRDO  et  eile  doit  aussi  §tre  conskJ6r6e  comme  un  exercice  pour  optimiser 
les  techniques  d'analyse. 
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EXECUTIVE  SUMMARY 


The  purpose  of  this  investigation  was  to  determine  the  susceptibility  of  the  PRC-77  Radio  to  the 
electromagnetic  fields  produced  by  a  nuclear  electromagnetic  pulse  (EMP).  In  addition,  this  was  one  of  the 
first  evaluations  performed  in  the  defence  Research  J£lectromagnetic  Pulse  .Simulator  (DREMPS)  and  was 
viewed  as  a  means  of  optimizing  general  analysis  techniques.  As  a  result,  procedural  simplifications  in  the 
radio  analysis  were  considered  acceptable  in  so  far  as  no  serious  compromise  was  made  in  the  validity  or 
conclusions  of  the  investigation. 

The  results  of  the  radiated  susceptibility  investigation  indicate  that  the  radio,  when  equipped  with 
either  the  72-cm  or  the  2.9-m  antenna,  will  survive  exposure  to  an  EMP  with  negligible  changes  to  the 
operating  system.  In  general,  the  work  performed  for  this  report  has  been  an  excellent  opportunity  to  explore 
the  dynamics  of  the  field  interaction  both  with  the  radio  (and  its  antennae)  and  within  the  EMP  simulator. 
The  results  have  gone  a  long  way  in  helping  to  understand  the  behaviour  of  these  systems  and,  by  using 
this  knowledge,  many  of  the  minor  difficulties  encountered  in  this  evaluation  can  easily  be  avoided  or 
corrected  in  future  testing. 
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1.0  INTRODUCTION 

The  purpose  of  this  investigation  was  to  determine  the  susceptibility  of  the  PRC-77  Radio  to  the 
electromagnetic  fields  produced  by  a  nuclear  electromagnetic  pulse  (EMP).  The  characteristics  of  the  EMP 
are  to  be  defined  by  the  RS05  requirement  as  specified  in  MIL-STD-461C,  Part  4,  and  the  RS05  test  methods 
as  specified  in  MIL-STD-462,  Notice  5. 

it  should  be  noted  that  this  was  one  of  the  first  EMP  evaluations  performed  in  the .Qefence fiesearch 
Electromagnetic £ulse .Simulator  (DREMPS)  and  there  are  no  clients  requesting  specific  results  with  respect 
to  this  unit.  The  investigation  was  viewed  primarily  as  a  means  of  optimizing  the  facility  and  establishing 
analysis  techniques.  As  a  result,  procedural  simplifications  were  considered  acceptable  in  so  far  as  no 
serious  compromise  was  made  in  the  validity  or  conclusions  of  the  investigation. 

The  evaluation  proceeded  in  two  phases:  the  first  occurred  In  the  spring  of  1991  and  involved 
exposure  of  the  radio  in  a  1 -meter  parallel-plate  simulator.  The  latter  was  performed  in  November  of  1992 
and  took  place  in  the  10-meter  parallel-plate  simulator  (DREMPS).  The  schedule  was  executed  in  this  fashion 
simply  because  the  radio  and  its  antennae  were  physically  too  large  to  be  fully  exposed  in  the  smaller 
simulator  and  the  larger  facility  was  not  available  eariier. 


2.0  UNIT  DESCRIPTION 

Radio  set  RT-841  /PRC-77  is  a  portable,  battery-powered  transmitter/receiver  tunable  in  50-kHz 
increments  over  a  frequency  range  of  30.00  to  75.95  MHz  to  provide  920  channels.  The  frequency  range 
is  covered  in  two  bands:  the  low  band  is  30.0  to  52.95  MHz;  the  high  band  is  53.00  to  75  95  MHz.  The  front 
panel  tuning  controls  and  the  BAND  switch  are  used  for  tuning  the  radio  to  the  desired  frequency1.  For 
schematics  and  detailed  working  principles  of  the  radio  consult  Ref.  2  &  3.  The  unit  has  the  following 
dimensions: 


Component 

Overall  Dimensions  (cm) 

Weight 

(kg) 

Height 

Width 

Depth 

Radio  Set  RT-841  /PRC-77 
serial  no.  122 

stock  no.  5820-00-930-3725 

28 

28 

10 

6  | 

Antenna,  AT-892/PRC-25 

72 

— 

— 

.23  S 

Antenna,  AT-271B/PRC 

290 

— 

— 

.35  | 

Handset,  H-189/GR 

20 

5 

7.5 

1.8  | 

1  See  Figure  1  for  a  radio  part  list  and  detailed  view  of  the  control  features.  Figure  2  is  an  Indication  of 
how  the  radio  is  typically  worn. 
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It  should  be  noted  that  the  PRC-77  has  been  in  service  for  several  years  and  a  number  of  design 
modifications  have  been  implemented.  Apparently,  all  these  changes  have  not  been  made  to  each  unit  and. 
therefore,  the  investigation  may  be  influenced  by  the  status  of  the  radio.  The  serial  number  of  the  unit  used 
in  this  evaluation  is  recorded  above  so  that  its  repair  history  may  be  consulted. 

3.0  DESCRIPTION  OF  FACILITIES 

The  radio  evaluation  was  carried  out  in  the  Defence  Research  Establishment  Ottawa  (DREO)  EMP 
Laboratory.  The  facilities  used  for  radiated  susceptibility  (RS05)  indude: 

•  a  t  -meter,  parallel-plate  EMP  simulator  (Fig  .3) 

•  the  DREO,  50-kV,  EMP  generator 

•  the  DREO  10-meter,  parallel-plate  EMP  simulator  DREMPS  (Fig  .4) 

•  a  Maxwell,  600-kV  EMP  generator 

•  shielded  endosures 

•  various  electric  and  magnetic  field  sensors 

•  data  acquisition  and  signal  processing  equipment  and  software. 

4.0  RADIATED  SUSCEPTIBILITY  SET-UP  AND  PROCEDURE 

It  was  postulated  that  the  major  threat  to  the  radio  would  come  from  coupling  of  the  EMP  field  to 
the  antenna  and  the  handset.  Direct  field  penetration  into  the  equipment  case  would  not  be  a  problem  since 
it  is  made  of  metal  and  the  apertures  are  very  small  (an  examination  of  the  set  showed  it  to  be  well 
constructed  with  individually  screened  interior  compartments  within  the  metal  case).  These  assumptions 
were  verified  during  the  RS05  exposure. 

In  phase  one  of  the  evaluation  it  was  apparent  that  a  problem  existed.  The  heights  of  the  radio 
antennae  were  too  large  for  the  1-m  simulator2.  As  a  result,  the  72-cm  antenna  was  modified  by  reducing 
its  height  to  50-cm  and  capping  it  with  a  20-cm  top  plate  (an  empirically  derived  substitution  which  was 
experimentally  shown  to  produce  the  same  EMP  response.  The  details  are  presented  in  Annex  A). 
Unfortunately,  the  2.9-m  antenna  could  not  be  altered  in  a  similar  fashion. 

Phase  two  was  performed  in  the  10-m  parallel  plate  simulator  DREMPS.  This  facility  could  easily 
accommodate  either  the  72-cm  or  2.9-m  antennae.  Since  portions  of  the  full  radio  evaluation  would  have 
been  redundant  given  the  effon*  ol  phase  one,  an  effort  was  made  to  concentrate  cn  results  which  could 
not  be  obtained  earlier.  Measurements  of  the  magnetic  field,  antenna  currents  and  handset  currents  were 
made  and  recorded.  Details  are  available  in  Annex  B. 

4.1  installation  of  the  Units 

In  both  phase  one  and  two  of  the  investigation  the  radio  was  placed  at  the  end  of  the  front  taper 
of  the  EMP  simulator  as  shown  in  Fig.  3.  This  method  of  installation  is  in  accordance  with  the  RS05  test 
methods  of  MIL-STD-462.  Equipment  not  undergoing  evaluation  and  the  data  acquisition  ana  analysis 
equipment  were  located  inside  the  shielded  room. 


2  The  simulator  is  a  transmission  line  calibrated  to  produce  the  correct  field  magnitude  and  shape.  By 
placing  an  object  inside  the  line  the  field  Is  perturbed.  The  general  ode  of  thumb  Is  that  for  testing,  the  height 
of  the  object-under-test  should  not  exceed  approximately  half  the  height  or  width  of  the  line. 
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Figure  3:  Schematic  representation  of  the  parallel-plate  EMP  simulator  showing  the  radio 
placement,  measurement  point  and  measurement  system. 
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photograph  an  ILTIS  jeep  (located  at  the  end  of  the  front  taper)  is  being  EMP  tested. 


4.2  Unit  Configurations 
4-2.1  Phase  One 


The  radiated  susceptibility  (RS05)  evaluation  was  carried  out  in  the  following  configurations: 

1)  The  radio  in  the  1-m  simulator  with  no  antenna  attached  (Fig.  5a) 

2)  The  radio  approximately  V4-m  outside  of  the  simulator  with  a  fully  extended  72-cm  antenna 
(Fig.  5b).  This  location  produces  a  sub-threat  level  field  of  approx.  20  kV/m. 

3)  The  radio  in  the  simulator  with  a  modified  plate  antenna  (Fig.  5c)  (see  Annex  A). 

4.2.2  Phase  Two 

Radiated  susceptibility  was  only  carried  out  with  the  radio  centrally  placed  at  the  end  of  the  input 
taper  of  the  10-m  simulator  in  a  configuration  similar  to  that  of  Fig.  5c.  This  location  provides  the  optimal 
EMP  wave  shape. 

4.3  Unit  Orientations 

4.3.1  Phase  One 

Radiated  susceptibility  was  also  done  in  three  different  orientations: 

1)  With  the  front3  of  the  radio  facing  the  input  of  the  parallel-plate  ceil  (Fig.  6a) 

2)  With  the  front  of  the  radio  facing  the  side  of  the  parallel-plate  cell  (Fig.  6b) 

3)  With  the  front  of  the  horizontally  inclined  radio  facing  down  (Fig.  6c). 

However,  not  ail  orientations  were  exposed  in  each  configuration.  A  detailed  plan  showing  the  configurations 
and  orientations  used  (in  chronological  order)  Is  presented  in  Table  1. 

4.3.2  Phase  Two 

Since  the  vast  majority  of  the  pick-up  Is  through  the  antenna  and  not  the  radio  case,  orientations  i 
and  2  are  clearly  equivalent  and  worst-case  scenarios.  As  a  result,  the  RS05  evaluation  in  this  phase  was 
only  done  with  the  front  of  the  radio  facing  the  source  and  the  antenna  vertically  extended. 

4.4  Equipment  Status 
4.4.1  Phase  One 

The  radio  was  examined  in  both  power  on  and  off  state  in  configuration  1  but  only  in  the  power  on 
state  in  the  other  configurations.  As  a  procedural  simplification  the  transmit  mode  was  not  investigated.  The 
evaluation  was  done  at  3  different  receiving  frequencies  (30,  50  and  75  MHz)  in  all  configurations  and 
orientations.  The  specific  values  chosen  represent  the  highest,  lowest  and  middle  frequencies  of  the 
operating  band  and  are  an  attempt  to  maximize  the  coupling  between  the  induced  antenna  currents  and 
the  radio.  The  handset  was  also  incorporated  into  the  system  after  the  antenna  analysis  was  complete.  This 
was  done  so  that  If  damage  had  occurred  there  would  be  some  possibility  of  isolating  problems  introduced 
by  the  antenna  and  handset. 


3  The  front  of  the  radio  Is  defined  such  that  the  antenna  of  the  unit  is  perpendicular  to  the  ground  and 
the  labels  on  the  radio  controls  are  legible. 
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Test  Orientations 
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Test  Sequence  for  the  PRC-77  Radio 


verbel/audio  test  and  initial  quantitative  teat 


Power  Off  -  Configuration  1 


-E 

30 

MHz 

(F. 

.1.1.30) 

—  Orientation  1 

50 

MHz 

(F. 

.1.1.50) 

75 

MHz 

(F, 

.1.1.75) 

-E 

30 

MHZ 

(F, 

.1.2.30) 

-  Orientation  2 

50 

MHz 

(F. 

.1.2.50) 

75 

MHz 

(F. 

.1.2.75) 

-E 

30 

MHz 

<F. 

,1.3.30) 

-  Orientation  3 

SO 

MHz 

(F. 

.1.3.50) 

75 

MHz 

(F, 

,1.3.75) 

verbal/audio  teat 


Sasple  Code 

(N. 1.1. 50. reg) 

Power  Statue  (oM,  off)  -I 
Configuration  (fig.  5) 

Orientation  (Fig.  6) 

Radio  Frequency  (MHz) 

Antenna  Type  or  handset  presence 


Power  On  -  Configuration 


-E 

30 

MHZ 

(N. 1.1. 30} 

i—  Orientation  1 

50 

MHz 

(N. 1.1. 50) 

75 

MHZ 

(H. 1.1. 75) 

-E 

30 

MHZ 

(N. 1.2. 30) 

—  Orientation  2 

50 

MHZ 

(N. 1.2. 50) 

75 

MHZ 

(N. 1.2. 75) 

-E 

30 

MHZ 

(N. 1.3. 30) 

-  Orientation  3 

50 

MHZ 

(N. 1.3. 50) 

75 

MHZ 

(N. 1.3. 75) 

verbal/audio  test 


Power  On - Configuration  3 -  Orientation  1 


rE 

4 


30  MHz 
50  MHz 
73  MHz 

30  MHZ 
50  MHz 
75  MHz 


(N.3.1.30. reg) 
(N. 3. 1.50. rag) 
(H. 3. 1.75. reg) 


(N.3.1.30. pit) 
(N. 3.1 .50. pit) 
(N. 3. 1.75. pit) 


j  Regular  Antenna  (72-cai) 
1  Plate  Antenna 


verbel/audio  teat 


r-  Orientation  1 


Power  On  -  Configuration  2  — 


Orientation  2 


-E 


30  MHz 
50  MHz 
75  MHz 


-E 


30  MHz 
50  MHz 
75  MHz 


(N.2.1 .30. nhd) 
(N.2.1 .SO.nhd) 
(N.2.1 .75. nhd) 

(N. 2. 2. SO.nhd) 
(M.2.2.50.nhd) 
(N.2.2.75.nhd) 


Plate  Antenna 
no  handset  attached 


verbal/audio  test 


i—  Orientation  1 


Power  On - Configuration  2  — 


<—  Orientation  2 


-E 


30  MHz 
SO  MHz 
75  MHz 


r-  30  MHz 

4-  50  MHz 
L  75  MHz 


(N.2.1.30.whd) 
(H.2.1 .SO.whd) 
(N.2.1. 75. whd) 

(N.2.2.30.whd) 
(N. 2. 2. SO. whd) 
(N. 2. 2. 75. whd) 


Plate  Antenna 
with  handaet  attached 


verbal/audio  test  and  final  quantitative  test 


Table  1:  A  list  of  the  coding  used  to  identify  the  configurations,  orientations  and  status  of  the  PRC-77  Radio. 


10 


4.4.2  Phase  Two 


The  radio  was  examined  with  power  on  and  at  3  different  frequencies  (30.20,  45.00  and  70.00  MHz). 
Both  transmitting  and  receiving  mode  were  investigated.  A  radio  is  usually  most  susceptible  in  its  receive 
mode,  however  it  is  conceivable  that  the  EMP  response  will  superimpose  on  a  transmitting  waveform  such 
that  damage  will  occur  when  it  would  not  have  if  the  radio  was  subjected  to  either  input  separately. 

As  before,  the  evaluation  proceeded  in  stages  to  minimize  damage  to  the  radio  (had  any  occurred) 
and  to  maximize  the  information  obtained.  Initial  radio  exposures  were  done  at  30  kV/m  and  the  handset 
was  Incorporated  only  after  the  antenna  exposure.  In  addition,  in  order  to  provide  an  intermediate  height 
(between  72-cm  and  2.9-m),  a  2.1-m  antenna  was  created  by  folding  a  2.9-m  antenna  at  one  of  its  joints. 

4.5  Susceptibility  Criteria 

The  operation  of  the  radio  was  demonstrated  prior  to  and  after  the  evaluation.  In  addition,  quick 
intermediate  checks  were  performed  during  EMP  exposure.  The  radio  was  considered  to  have  failed  when 
either  of  the  following  occurred: 

a)  There  was  a  catastrophic  failure  of  the  radio. 

b)  There  was  evidence  of  serious  degradation  of  the  radio. 

Details  of  the  radio  checks  are  presented  in  Annex  C,  however,  the  procedures  can  be  summarized 
as  follows: 

a)  The  first  is  a  simple  voice  check  where  an  audible  test  signal  is  transmitted  and  received 
between  the  radio  being  evaluated  and  a  similar  monitor  radio.  Alternatively,  monitoring  the 
amplitude  of  the  150  Hz  signal  (used  to  control  the  squelch)  with  a  fixed  receive  and  transmit 
antenna  position  is  considered  to  be  an  enhanced  audio  check. 

b)  The  second  is  a  quantitative  test  performed  by  injecting  an  accurate  FM  signal  into  the  co-axial 
antenna  of  the  radio  and  monitoring  the  audio  output  at  the  unit’s  handset.  The  time  and 
frequency  domain  of  this  signal  were  monitored  while  small  changes  were  made  to  the  FM 
modulation,  carrier  amplitude  and  carrier  central  frequency.  The  process  was  repeated  at  the 
beginning  and  end  of  the  EMP  evaluation  in  an  effort  to  observe  any  small  changes  which  may 
have  been  introduced  by  the  exposures.  Note  that  this  latter  test  will  not  detect  changes  in  either 
the  transmit  mode  of  the  radio  or  the  initial  antenna  tuning  circuit. 

4.6  General  Procedure 

The  following  steps  were  taken  in  the  RS05  evaluation  of  the  radio: 

a)  Calibration  of  the  pulse  generator  in  the  absence  of  the  PRC-77  to  establish  the  unperturbed 
electric  field  wave  shape. 

b)  Verification  of  the  functional  operation  of  the  radio  followed  by  installation  of  the  unit  in  the  first 
orientation. 

c)  Exposure  of  the  radio  to  a  minimum  of  10  EMP  pulses  in  accordance  with  MIL-STD-462,  RS05 
specification.  The  characteristics  of  the  field  to  which  the  radio  is  exposed  was  measured  and 
recorded. 
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d)  Steps  (b)  &  (c)  are  to  be  repeated  until  all  orientations  are  complete.  Following  exposure  of  the 
unit  functional  operation  of  the  radio  is  to  be  verified. 

e)  Exposure  of  the  radio  in  the  other  configurations  is  then  to  be  carried  out  following  the 
procedures  outlined  in  (b)  to  (d)  above. 


5.0  DESCRIPTION  OF  INSTRUMENTATION 

5.1  Phase  One 

Instruments  used  to  generate  the  fields  required  for  the  EMP  evaluation  include; 

•  High-voltage  power  supply  (Glassman,  75-kV  DC,  model  PS/ER75R3.0), 

•  DREO  double  exponential  EMP  pulse  generator. 

•  1 -meter,  parallel-plate  cell  (Eigal,  model  no.  EM  102). 

Instrumentation  used  to  measure  the  fields  during  the  RS05  investigation  include; 

•  Voltage  divider  (Physics  International,  model  PIM-197A-1, 

•  Variable  attenuator  (Alan,  model  no.  50TX82.5N), 

•  Digitizer  (Tektronix,  model  no.  DSA  602;  400  MHz  bandwidth), 

•  10  meters  RG-214  co-axial  cable  (double  shielded). 

Instrumentation  used  in  conjunction  with  the  PRC-77  during  the  RS05  investigation  include; 

•  Standard  AT-892,  72-cm  antenna, 

•  Modified  plate  antenna  (see  Annex  A). 

Instrumentation  used  in  conjunction  with  the  PRC-77  during  performance  confirmation  include; 

•  Signal  Generator  (  Hewlett  Packard,  HP8656B), 

•  Digitizer  (Tektronix,  model  no.  DSA  602;  400  MHz  bandwidth), 

•  a  second  PRC-77  monitor  radio. 

5.2  Phase  Two 

Instruments  used  to  generate  the  fields  required  for  the  EMP  evaluation  include; 

•  DREO  10-meter  parallel-plate  simulator,  DREMPS, 

•  Maxwell  600-kV  double  exponential  EMP  pulse  generator. 

Instrumentation  used  to  measure  the  fields  during  the  RS05  investigation  include; 

•  DREO  5-cm  H-Field  loop  probe, 

•  Eaton  current  probes,  model  no.  94106-2,  93686-7, 

•  2  Nanofast  300  MHz  fiber  optic  analog  links, 

•  Digitizer  (Tektronix,  model  no.  DSA  602;  400  MHz  bandwidth), 

•  Digitizer  (Tektronix,  model  no.  SCD  1000;  1  GHz  bandwidth), 

•  various  BNC  and  N-type  co-axial  cable. 
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Instrumentation  used  in  conjunction  with  the  PRC-77  during  the  RS05  investigation  include; 

•  Standard  AT -892,  72 -cm  antenna, 

•  Standard  AT-271B,  2.9-m  antenna, 

•  modified  AT-271B,  2.1  -m  antenna  (Is.  folded  at  one  of  the  joints). 

Instrumentation  used  in  conjunction  with  the  PRC-77  during  performance  confirmation  indude; 

•  Signal  Generator  (  Hewlett  Packard,  HP8656B). 

•  Digitizer  (Tektronix,  model  no.  DSA  602;  400  MHz  bandwidth), 

•  a  second  PRC-77  monitor  radio. 


6.0  OBSERVATIONS  AND  CONCLUSIONS 

6.1  RS05  Resuits 

6.1.1  Phase  One 

Prior  to  the  radio  exposure,  the  EMP  wave  shape  generated  in  an  empty  simulator  was  recorded 
(Fig.  7).  The  upper  trace  shows  the  envelope  generated  by  10  consecutive  exposures  and  the  lower  trace 
is  the  average  of  the  above.  The  high  reproducibility  of  the  waveforms  ensures  consistent  exposure  levels 
throughout  the  investigation.  See  Section  6.2.1  for  a  discussion  of  the  wave  shape. 

Table  1  is  the  plan  followed  In  the  process  of  evaluating  the  PRC-77  radio.  Each  exposure  represents 
a  different  orientation,  configuration  and  radio  status.  At  each  point  the  radio  was  exposed  to  10  EMP  pulses 
with  the  average  of  these  pulses  recorded.  Fig.  8  is  the  format  used  and  is  an  indication  of  a  typical 
waveform.  The  radio  status  is  recorded  In  the  upper-right  comer  and  the  simulator  and  sensor  information 
is  on  the  lower  half  of  the  page.  The  results,  which  are  summarized  in  Table  2,  indicate  that  the  radio  has 
passed  the  entire  evaluation  procedure  when  equipped  with  the  72-cm  (or  equivalent)  antenna  and  the 
external  handset. 

6-.T?.  Phase  Two 

Phase  Two  occurred  approximately  one  year  after  Phase  one  and,  as  a  result,  several  enhancements 
to  the  measurement  system  had  been  made.  The  most  obvious  of  which  was  the  completion  of  the  1 0  meter 
simulator,  DREMPS,  which  allows  the  exposure  of  vehicle  size  equipment  and  eliminates  the  previous 
problems  with  the  height  of  the  radio  antennae.  Other  more  subtle  but  equally  important  changes  include 
the  development  of  an  accurate  H-fieid  probe  which,  when  used  in  conjunction  with  a  fiber-optic  transceiver, 
allows  practically  point  source  measurements  of  the  magnetic  and  electric  field  in  the  simulator  with  almost 
no  field  perturbation.  A  second  transceiver  allows  the  current  on  the  radio  antenna  or  handset  to  be 
measured  simultaneously.  Finally,  a  sophisticated  data  acquisition  package  for  the  PC  allows  all  these 
measurements  to  be  quickly  and  accurately  recorded  for  future  reference  and  analysis. 

The  procedure  followed  In  Phase  One  was  essentially  repeated  at  this  point.  Since  the  case  of  the 
radio  was  shown  to  be  sufficiently  shielded,  that  aspect  of  the  evaluation  was  not  repeated.  The  72-cm 
antenna  was  exposed  since  in  the  previous  phase  only  the  modified  plate  could  be  used  at  full  threat  level. 
In  addition,  repeating  the  exposure  of  the  smaller  antenna  allowed  a  confirmation  of  the  previous  results 
whfle  affording  an  opportunity  to  make  accurate  antenna  pick-up  measurements  (see  Annex  B). 

Exposure  of  the  2.9-m  antenna  was  also  done  in  DREMPS.  This  proceeded  by  first  exposing  a  2. 1  -m 
antenna  (te.  a  2.9-m  antenna  folded  at  one  of  the  Joints)  to  a  sub-threat  level  30  kV/m  field.  The  full  length 
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DSA  602  DIGITIZING  SIGNAL  ANALYZER 
date:  29-JAN-91  time:  10:55:25 


EMP  TEST  DATA 


Tfek 


tWWf* 


RS05  TEST  METHOD 


Equipment  under  Test  Specifications 


Device  Type: 

... 

Test  1.0.: 

... 

Configuration: 

... 

Orientation: 

... 

Receiver 

frequency: 

— 

Power  Status: 

... 

Ho.  of  Pulses: 

10 

Pulse  Rate: 

3/mi  n 

Operation 

Confirmed 

... 

Comnents: 
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Hone  !  7.  c l 

Chon  1  V*r  t 

St J  !  Pos  : 

.  a  !  c  nl  I  “ 

teat' 

Mf  ■ 

EMP  Simulator  Specifications 

Charging  SO  kv 

Voltage: 

Self -breakdown  ■  55  kv 

Voltage; 

Trigger  Self -breakdown,  pressure  release 

Sensor  Specifications 

Sensor  Type: 

Sensor 
Location: 

Cable  Network: 

Attenuator 
location: 


Method: 


Sensor  Type: 

Sensor 

Location: 

Cable  Network: 

Attenuator 

Location: 


Sensor  Specifications 

PIM-197A-1  voltage  divider 

Right  edge  of  center  plate, 
40  cm  past  front  taper. 

Shielded  N-Type,  RG-214 

20  dB  (#3)  on  Alan  50TX82.5N 
at  voltage  divider 


Comments:  Example  of  shot  to  shot  deviation  from  average 

Figure  7:  EMP  wave  shape  as  seen  In  an  empty  simulator.  The  measurement  was  made  with  a  voltage 
divider  located  approximately  40  cm  behind  the  front  taper. 
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DSA  602  DIGITIZING  SIGNAL  ANALYZER 
date:  22-JAN-91  time:  14:53:01 


EMP  TEST  DATA 


RS05  TEST  METHOD 

Equipment  Under  Test  Specifications 


Device  Type: 

PRC-77  Radio 

Test  1.0. : 

T. 1.1.30 

Conf igurati on: 

1 

Orientation: 

1 

Receiver 

frequency: 

30  MHz 

Power  Status: 

Off 

No.  of  Pulses: 

10 

Pulse  Rate: 

3/m  in 

Operation 

Confirmed 

Comments:  no 

antenna  or  hand-set 

connected 
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Field 

(kV/m) 

JL  On  I 


50 

(Rx) 

75 

(Rx) 

30 

(Rx) 

50 

(Rx) 

75 

(Rx) 

30 

(Rx) 

off 

F. 1.1. 30 

off 

F. 1.1. 50 

50  (Rx) 


75  (Rx) 


30  (Rx) 


50  (Rx) 


75  (Rx) 


30  (Rx) 


50 

(Rx) 

75 

(Rx) 

30 

(Rx) 

50 

(Rx) 

75 

(Rx) 

30 

(Rx) 

50 

(Rx) 

75 

(Rx) 

30 

(Rx) 

50 

(Rx) 

75 

(Rx) 

30 

(Rx) 

50 

(Rx) 

75 

(Rx) 

30 

(Rx) 

50 

(Rx) 

75 

(Rx) 

30 

(Rx) 

50 

(Rx) 

75 

(Rx) 

30 

(Rx) 

50 

(Rx) 

75 

(Rx) 

50-cni  pit 


50-cm  pit 


50-cw  pit 


50-ca  pit 


N.2.1.30.nhd 


N.2.1.50.nhd 


N.2.1 .75.nhd 


H.2.2.30.nhd 


N.2.2.50.nhd 


N.2.2.75.nhd 


N.2.1.30.whd 


H.2.1 .50. whd 


N.2.1.75.whd 


.uhd 


N.2.2.50.uhd 


M.2.2.75.whd 


Table  2:  Results  from  Phase  One  of  the  EMP  assessment  of  PRC-77  Radio.  The  radio  showed  no 
significant  degradation  as  a  result  of  the  exposures. 
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antenna  was  then  exposed  to  the  same  field.  Finally,  the  above  was  repeated  at  a  full-threat  level  field  both 
with  positive  and  negative  p  Jarity.  The  radio  survived  all  exposures  as  indicated  in  Table  3. 


6.2  Procedural  Difficulties 
6*2,1  PtoMt  Qp« 

The  front  and  back  taper  of  the  1-m  parallel-plate  simulator  are  too  abrupt.  This  creates  an 
impedance  mismatch  at  the  cell  transitions  which  generates  a  10-15%  reflection.  This  reflection  is 
superimposed  on  the  initial  pulse  and  results  in  a  corruption  of  the  rise  time.  As  a  result,  the  electric  field 
has  a  small  downward  dip,  Fig.  7,  and  the  magnetic  field  is  increased  by  a  similar  factor  (not  shown)  [Ref. 
5].  The  corrupted  waveform  doesn’t  have  the  ideal  EMP  wave  shape,  however,  the  frequency  content  of  this 
pulse  is  simBar  to  the  MIL-ST0-461C  wave  shape  and,  hence,  this  problem  is  considered  negligible.  Some 
of  the  oscHlations  in  the  above  figure  are  a  result  of  the  relatively  Invasive  voltage  probe/cable  combination 
and  are  strictly  a  manifestation  of  the  measurement  system,  not  an  indication  of  a  corrupted  waveform. 

The  antenna  provided  with  the  PRC-77  radio  Is  72-cm.  When  this  height  Is  added  to  the  height  of 
the  radio,  the  total  exceeds  the  simulator  plate  separation  (1  meter).  Therefore,  some  compromise  had  to 
be  made  in  order  to  expose  the  radio  inside  the  simulator.  One  alternative  is  to  replace  the  72-cm  antenna 
by  a  shorter  antenna  with  a  capacitive  top  plate.  In  Annex  A  It  has  been  empirically  established  that  a  50-cm 
monopole  with  a  20-cm  top  plate  Is  a  reasonable  match  for  the  original  antenna  and  the  investigation 
proceeded  with  this  substitution. 

Both  the  calibration  tests  and  the  EMP  exposures  where  done  only  in  the  receive  mode  of  the  radio. 
A  more  thorough  EMP  evaluation  Involving  both  the  receive  and  transmit  modes  was  done  in  DREMPS, 
however,  quantitative  testing  of  the  radio  performance  was  only  recorded  for  the  receive  mode.  See  Annex 
C  for  more  detail. 

Finally,  the  radio  was  placed  directly  on  the  ground  plane  of  the  simulator,  in  reality,  during  an  EMP 
the  radio  would  probably  be  worn  on  the  back  of  a  soldier.  A  more  accurate  evaluation  should  be  done  with 
the  radio  suspended  as  in  normal  use,  however  space  limitations  prohibit  this. 

■6A2  Phase  Two 

In  DREMPS  many  of  the  problems  mentioned  above  are  eliminated  because  of  the  superior  taper 
design  and  the  larger  physical  dimensions  of  the  working  volume.  For  example,  the  radio,  with  a  3-m 
antenna,  placed  one  meter  above  the  ground  still  do  not  exceed  half  the  height  of  the  simulator. 

One  difficulty  encountered  was  the  erratic  behaviour  of  one  of  the  AT-892  (72-cm)  antennae.  The 
signal  generated  by  this  antenna  was  not  reproducible  and  it  was  speculated  that  since  it  is  constructed  by 
riveting  a  series  of  anodized  layers  together,  it  is  possible  that  a  poor  contact  between  two  of  these  layers 
would  periodically  arc.  Unfortunately,  the  problem  only  manifested  itself  for  one  day,  therefore,  the  above 
hypothesis  could  not  be  confirmed.  During  the  same  time  period  all  other  antennas  behaved  normally. 

6.3  Conclusions 

The  evaluation  proceeded  in  stages  such  that  each  addition  would  add  a  greater  degree  of 
susceptibflity  to  the  radio.  This  procedure  was  followed  in  an  attempt  to  isolate  a  particular  fault  if  there  had 
been  a  system  faBure.  An  effort  was  also  made  to  vary  the  radio  operating  frequency,  physical  orientation 
etc.  in  order  to  ensure  that  the  unit  would  be  exposed  to  a  worst-case  scenario. 


30  RV/m  Testing  of  PRC-77  Radio 


Pol. 

Field 

(kV/m) 

Ant. 

length 

(cm) 

handset 

Radio 

Freq. 

(MHz) 

Radio 

Status 

Measurement 

EMP 

Status 

neg 

30 

72 

neutral 

30.2 

Rx 

antenna 

pass 

neg 

30 

72 

down 

30.2 

Rx 

handset 

pass 

neg 

30 

72 

up 

30.2 

Rx 

handset 

pass 

neg 

30 

2.09 

neutral 

30.2 

Rx 

antenna 

pass 

neg 

2.9 

neutral 

30.2 

off 

antenna 

pass 

neg 

30 

2.9 

neutral 

30.2 

Rx 

antenna 

pass 

neg 

30 

72 

neutral 

30.2 

Tx 

field  only 

pass 

neg 

30 

2.09 

neutral 

30.2 

Tx 

pass 

neg 

30 

2.9 

neutral 

30.2 

Tx 

field  only 

pass 

50  kV/m  Testing  of  PRC-77  Radio 


Pol. 

Field 

(kV/m) 

Ant. 

length 

(cm) 

handset 

Radio 

Freq. 

(MHz) 

Radio 

Status 

Measurement 

EMP 

Status 

neg 

50 

2.9 

neutral 

30.2 

Tx 

field  only 

pass 

neg 

50 

2.9 

down 

30.2 

Tx 

field  only 

pass 

neg 

50 

2.9 

up 

30.2 

Tx 

field  only 

pass 

neg 

50 

2.9 

neutral 

45.0 

Tx 

field  only 

pass 

neg 

50 

2.9 

neutral 

70.0 

Tx 

BBESEH^B 

pass 

neg 

50 

2.09 

neutral 

30.2 

Rx 

field  only 

pass 

neg 

50 

2.9 

neutral 

30.2 

Rx 

pass 

neg 

50 

2.9 

down 

30.2 

Rx 

field  only 

pass 

neg 

50 

2.9 

up 

30.2 

Rx 

field  only 

pass 

neg 

50 

2.9 

down 

45.0 

Rx 

bb^^bsh 

pass 

neg 

50 

2.9 

down 

70.0 

Rx 

field  only 

pass 

BBS 

50 

2.09 

down 

30.2 

Rx 

field  only 

pass 

pos 

50 

2.9 

down 

30.2 

Rx 

field  only 

pass 

pos 

50 

2.09 

down 

30.2 

Tx 

field  only 

pass 

pos 

50 

2.9 

down 

30.2 

Tx 

field  only 

pass 

Table  3:  Results  from  Phase  Two  of  the  EMP  assessment  of  PRC-77  Radio.  The  radio  showed  no 
significant  degradation  as  a  result  of  the  exposures. 


This  particular  EMP  assessment  was  performed  in  two  phases  because  development  of  the  10-m 
simulator  dictated  that  large-object  exposure  could  not  be  performed  prior  to  the  fall  of  1992.  However, 
earlier  results  in  a  1-m  simulator  showed  the  radio  to  have  sufficient  protection  In  the  following 
circumstances; 

•  penetration  of  the  EMP  into  the  case  of  the  radio, 

•  72-cm  antenna  to  a  sub-threat  level  (20  kV/m)  field, 

•  plate  antenna  to  a  threat-level  field, 

•  plate  antenna  and  extended  handset  to  a  threat-level  field. 

In  the  second  phase  the  evaluation  confirmed  survival  under  the  additional  circumstances  of; 

•  72-cm  antenna  to  a  threat  level  field, 

•  72-cm  antenna  and  extended  handset  to  threat-level  field, 

•  2.1-m  antenna  to  threat-level  field, 

•  2.1-m  antenna  and  extended  handset  to  threat-level  field, 

•  2.9-m  antenna  to  threat-level  field, 

•  2.9-m  antenna  and  extended  handset  to  threat-level  field. 

In  summary,  the  results  of  the  radiated  susceptibility  investigation  indicate  that  the  radio,  when 
equipped  with  either  the  72-cm,  ANT -892  or  the  2.9-m,  ANT-271  B  antenna,  will  survive  exposure  to  an  EMP 
with  negligible  changes  to  the  operating  system.  In  general,  the  work  performed  for  this  report  has  been  an 
excellent  opportunity  to  explore  the  dynamics  of  the  field  interaction  both  with  the  radio  (and  its  antennae) 
and  within  the  EMP  simulator.  The  results  have  gone  a  long  way  in  helping  to  understand  the  behaviour  erf 
these  systems  and,  by  using  this  knowledge,  many  of  the  minor  difficulties  encountered  in  this  evaluation 
can  easily  be  avoided  or  corrected  in  future  testing. 
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ANNEX  A:  Modelling  of  a  Top-Plate  Monopole  Antenna. 


ABSTRACT: 

A  design  criteria  Is  established  which  allows  an  antenna  that  Is  too  high  to  fit  Inside  the  one  meter 
EMP  simulator  to  be  replaced  by  a  shorter  antenna  with  the  same  electrical  characteristics.  Measurements 
are  made  to  confirm  compatibSity. 


INTRODUCTION: 

Prior  to  the  construction  of  the  10-m  simulator  DREMPS,  the  size  of  an  object  which  could  be 
exposed  to  an  EMP  was  limited  because  of  the  one  meter  plate  separation  In  the  Eigal  simulator.  Excessively 
large  equipment  created  a  local  impedance  mismatch  and  could  also  induce  arcing.  Monopoies  or  whip 
antennae  are  particuiary  susceptible  to  the  latter  and,  as  a  result,  it  was  necessary  to  devise  a  method  which 
allowed  the  height  of  such  a  structure  to  be  reduced  without  altering  Its  electrical  properties. 

Placing  a  circular  top  plate  on  a  short  monopole  capacith/ely  loads  the  structure  and  simulates  a 
longer  antenna  length.  The  procedure  used  to  establish  the  correct  dimensions  is  as  follows: 

•  The  resonances  of  2.5-cm  to  19-cm  monopoles  were  determined  and  compared  to  the 
resonances  of  a  4.7-cm  monopole  with  2,  4  and  6-cm  top  plates.  All  monopoles  were  located  on 
a  30-cm  by  30-cm  ground  plane  and  responses  were  measured  to  1 .5  GHz. 

•  By  comparing  the  above  values,  an  empirical  relationship  between  the  apparent  change  in  a 
monopole’s  height  and  the  top  plate  diameter  was  established.  These  relationships  will  be 
maintained  when  the  monopoles  are  simultaneously  scaled  In  height  and  frequency  response. 

•  Once  suitable  dimensions  have  been  calculated,  the  two  antennae  are  experimentally  tested  for 
compatlbfllty. 


EXPERIMENTAL  RESULTS: 

Frequency  domain  modelling: 

The  compatible  antenna  dimensions  were  established  in  the  frequency  domain.  The  comparison  was 
made  primarily  by  matching  the  resonances  of  the  various  monopoles  with  no  compensation  for  the 
magnitude  of  the  response  at  that  resonance,  hence,  the  selection  criteria  matches  only  the  reactance  of 
the  monopoles. 

The  frequency  domain  measurements,  made  with  a  HP  8753B  Network  Analyzer,  are  summarized 
in  Table  At  and  Figures  A1-A2.  The  results  indicate  how  the  dimensions  of  a  top  plate  change  the 
resonances  of  a  monopde  and  also  established  the  scaling  factors  for  the  conversion  from  centimeter-long 
to  meter-long  monopoles.  From  Table  Ai  it  is  determined  that  a  50-cm  monopole  with  a  20-cm  top  plate 
is  a  reasonable  substitute  for  a  72-cm  monopole,  see  Figure  A3.  Unfortunately,  there  is  no  realistic  top-plate 
diameter  which  will  create  a  suitable  alternative  to  the  2.9-m  monopole. 
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Tims  Domain  Confirmation: 


In  simulator: 

Measurements  were  made  of  the  response  of  the  whip  antenna  and  the  plate  antenna  in 
order  to  confirm  that  the  modifications  result  in  a  viable  substitute  for  an  EMP  evaluation,  see 
Fig.  A4.  The  experiments  were  done  with  the  antennae  connected  at  the  base  plate  of  the  EMP 
simulator  and  terminated  into  a  1 00  ohm  load  (50  ohm  resistor  in  series  with  a  50  ohm  cable).  There 
is  good  agreement  between  the  currents  induced  on  the  two  antennae  with  the  small  deviations  in 
the  peak  values  being  due  to  a  minor  scaling  problem  in  the  extrapolation1. 

The  choice  of  termination  impedance  is  somewhat  arbitrary  as  long  as  the  same  value  is 
used  for  all  compatibility  measurements.  However,  since  it  was  originally  thought  that  current 
injection  may  be  necessary  to  complete  the  radio  evaluation  and  that  an  antenna  response  would 
be  required  as  an  input  for  the  current  injection  equipment,  a  1 00  ohm  value  was  chosen.  This  value 
is  compatible  with  the  current  injection  system  (IRT  Corp.;  PINS-250),  hence,  it  is  possible  to 
confirm  the  antenna  compatibility  and  obtain  a  current  Injection  waveform  simultaneously.  In 
retrospect,  because  portions  of  the  evaluation  were  delayed  until  after  the  completion  of  DREMPS, 
the  entire  investigation  could  be  completed  using  radiated  susceptibility  (RS)  methods  and  current 
injection  was  not  required. 

In  addition  to  the  measured  values,  the  theoretical  response  of  a  72-crn  monopole 
terminated  into  a  100  o  load  was  determined,  see  Fig.  A5,  using  a  Numerical  Electromagnetic  Code 
(NEC)2.  A  very  good  agreement  is  obtained  between  the  experimental  and  theoretical  response. 

On  Radio: 

In  addition  to  measuring  the  antennae  response  as  independent  units,  they  were  also 
evaluated  while  being  mounted  on  the  PRC-77  radio.  The  current  injected  into  the  radio  via  the 
antenna  port  was  measured  during  an  -  20%  (magnitude)  EMP  exposure  and.  as  can  be  seen  by 
comparing  Figs.  A6  and  A7,  the  waveforms  generated  by  the  regular  72-cm  antenna  and  the  50-cm 
plate  antenna  are  very  similar. 


CONCLUSIONS: 

It  was  been  determined  that  a  50-cm  monopole  with  a  20-cm  top-plate  is  a  reas  Table  substitute 
for  the  72-cm  whip  antenna  on  the  PRC-77  radio.  It  has  also  been  -stabiished  that  there  is  no  reasonable 
diameter  top  plate  which  will  allow  the  2.9  m  antenna  to  be  replaced. 


1  The  scaling  problem  is  due  to  the  fact  that  the  thickness  of  the  top  plate  was  substantial  compared 
to  the  antenna  height  and  diameter.  Therefore,  the  exact  height  of  the  monopoie  was  not  clear.  In  addition, 
the  original  extrapolations  were  erroneously  based  on  an  a  projected  antenna  height  of  75-cm,  not  the 
required  72-cm. 

2  G.J.  Burke  et  al.,  ‘Numerical  Electric  Code  (NEC)  -  Method  of  Moments',  Naval  Ocean  Systems  Centre, 
Technical  Doc.  116,  1977. 
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Relationships  Between  Various  Monopo 
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Iflure  A1 :  A  summary  of  the  resonance  frequencies  for  various  monopoles  as  determinedin  Appendix  A1 .  The  filled  in  points  refer  to 
straight  monopoles  and  the  empty  circles  refer  to  monopoles  with  top  plates  (the  diameter  of  the  plates  are  given  along  the 
right-hand  axis). 
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.  Radio  Height 
Monopo  1  e 


Figure  A2:  A  summary  of  the  total  radio  (radioand  antenna)  height  as  a  function  of  top  plate  diameterfor  the  72-cm  and  290-cm  antennae. 
Note  that  there  is  no  reasonable  plate  substitution  size  for  the  latter. 
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l  25  cm  diameter 
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(NEC).  Note  the  good  agreement. 
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RS05  TEST  METHOD 

Equipment  Under  Test  Specifications 


Device  Type: 

PRC-77  Radio 

Test  t.D.: 

N.3.1.75.reg 

Configuration: 

3 

Orientation: 

1 

Receiver 

Frequency: 

75  MHz 

Power  Status: 

On 

No.  of  Pulses: 

10 

Pulse  Rate: 

3/min 

Operation 

Confirmed 

Comments:  -  no  hand 
-  regular 

-set  connected 
antenna 

EMP  Simulator  Specifications 


Charging 

Voltage: 

Self -breakdown 
Voltage: 

Trigger 

Method: 


50  kV 
a  55  kV 

Self -breakdown,  pressure  release 


Sensor  Specifications 


Sensor  Specifications 


Sensor  Type: 

Sensor 

Location: 


Eaton  Current  Probe,  94106-2 
10  cm  from  base  of  antenna 


Sensor  Type: 

Sensor 

Location: 


Cable  Networ.k: 

Attenuator 

Location: 


Shielded  N-Type  (RG-214),  BMC 

20  dB,  Alan  50HT42  N  at 
Current  Probe 


Cable  Network: 

Attenuator 

Location: 


Figure  A8:  Current  induced  10-cm  from  the  base  of  a  72-cm  antenna  mounted  on  the  PRC-77  radio. 
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RS05  TEST  METHOD 

Equipment  Under  Twit  Specification* 


Device  Type: 

PRC-77  Radio 

Test  1.0.: 

N.2.1.30.whd 

Configuration: 

2 

Orientation: 

1 

Receiver 

frequency: 

30  MHZ 

Power  Status: 

On 

No.  of  Pulses: 

10 

Pulse  Rate: 

3/mi  n 

Operation 

Confirmed 

verbal/audio  test 

Comments:  -  no  handset  connected 
-  modified  plate  antenna 

EMP  Sieulator  Specifications 


Charging 

Voltage: 

Self -breakdown 
Voltage: 

Trigger 

Method: 


50  kV 
=  55  kV 

Self -breakdown,  pressure  release 


Sensor  Specifications 


Sensor  Specifications 


Sensor  Type: 


Eaton  Current  Probe,  94106*2 


Sensor  10  cm  from  base  of  antenna 

Location: 


Sensor  Type: 

Sensor 

Location: 


Cable  Network:  Shielded  N-Type  (RG-214),  8NC 

Attenuator  20  dB,  Alan  50HT42  N  at 

Location:  Current  Probe 


Cable  Network: 

Attenuator 

Location: 


Figure  A7:  Current  induced  10-cm  from  the  base  of  a  50-cm  plate  antenna  mounted  on  the  PRC-77  radio. 
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ANNEX  B:  Measurement  and  Analysis 


ABSTRACT: 

During  the  EMP  evaluation  the  measurements  where  performed  in  such  a  way  as  to  isolate  the 
effects  of  various  portions  of  the  radio  (for  example  the  antenna),  in  this  fashion  it  was  possible  to  deduce 
how  these  individual  elements  effect  the  susceptibility  of  the  PRC-77.  The  following  is  a  summary  of  these 
results. 

INTRODUCTION: 

The  procedures  followed  in  this  evaluation  were  designed  to  isolate  the  various  systems  of  the  radio 
(for  example,  the  current  induced  on  the  handset).  An  effort  was  made  to  measure  the  response  and  its 
variation  as  the  unit  was  subjected  to  a  progressively  more  severe  electric  field.  The  following  is  a  summary 
of  the  relationships  deduced  during  the  evaluation. 


RESULTS: 

Input  Pulse: 

Figure  B1  is  a  typical  input  pulse  used  in  this  evaluation.  The  peak  field  value  can  be 
adjusted  from  approximately  20-50  kV/m  without  a  change  in  wave  shape.  Lower  values  can  be 
obtained  with  small  variations  in  the  pulse  width.  Clearly  the  shape  and  magnitude  of  this  pulse  will 
Influence  the  evaluation,  of  particular  importance  are  the  small,  high-frequency  variations  (ie.  the 
lumps  and  bumps)  on  the  input.  Since  most  antennae  produce  a  'derivative  like'  response,  these 
features  become  prominent  in  the  measured  antenna  currents.  Another  way  to  think  of  this  is  to 
remember  that  a  whip  antenna  (monopole)  will  couple  to  an  electromagnetic  wavelength  which  is 
comparable  (or  smaller)  in  size  to  the  antenna  length.  Therefore,  coupling  is  more  efficient  at  higher 
frequencies  and,  hence,  the  antenna  response  looks  something  like  a  derivative  of  the  input  field. 

Variation  With  Antenna  Length: 

Figure  B2  is  a  summary  of  how  the  current  induced  in  an  antenna  varies  with  the  length. 
Obviously  the  longer  the  antenna  the  greater  the  peak  value.  A  general  rule  of  thumb  for  short 
antennae  (relative  to  the  shortest  wavelength  In  the  input  pulse)  is  that  the  peak  current  value  will 
be  80  amps  times  the  length  of  the  antenna  in  meters.  Unfortunately,  the  antennae  used  in  this 
evaluation  are  not  short,  therefore,  the  above  can  only  be  considered  a  'guestimate*.  The  frequency 
of  the  osculations  (resonance)  in  the  current  wave  shape  is  also  related  to  the  antenna  length  and 
corresponds  to  four  times  the  height  of  the  monopole  (whip  antenna). 

Variation  with  Antenna  Load: 

In  addition  to  the  peak  value  and  the  oscillation  frequency  mentioned  above,  the  current 
wave  shape  also  has  a  damping  term  which  determines  the  change  in  magnitude  of  the  oscillations 
with  respect  to  time.  This  damping  term  is  determined  by  the  matching  of  the  antenna  impedance 
to  the  antenna  load.  In  general,  for  a  resistive  load,  the  smaller  the  impedance  the  smaller  the 
damping  effect  and  the  larger  the  number  of  osculations.  Relationships  for  complex  terminations  are 
not  as  simple  and  are  being  investigated  further  at  this  time. 
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Figure  B1 : 


Figure  B2: 


A  typical  Electric  field  wave  form  generated  in  the  working  volume  erf  DREMPS. 


Tim*  (ns) 


Current  induced  In  72-cm,  209-cm  and  290-cm  antennae  by  an  EMP  (Figure  Bl).  Both  the 
peak  current  value  and  antenna  resonance  frequency  increase  with  the  antenna  length. 
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The  peak  values  of  the  induced  current  will  also  be  influenced  by  the  antenna  termination. 
This  can  be  understood  by  thinking  of  the  antenna  and  the  load  as  two  coupled  circuits.  The 
maximum  power  transfer  will  occur  when  the  impedance  of  the  two  are  matched,  hence,  variations 
in  coupling  current  are  expected  as  the  termination  value  is  varied.  Alternatively,  the  antenna  can 
be  thought  of  as  a  non-linear  transmission  line  with  the  antenna  load  acting  as  a  termination.  This 
model  will  also  produce  a  variation  in  the  measured  current  with  respect  to  the  load  impedance. 

Figure  B3  is  the  current  induced  in  a  72-cm  monopole  with  both  a  100  ohm  resistance  and 
the  PRC-77  acting  as  the  antenna  load.  Note  the  variation  in  the  peak  values  and  damping  term.  The 
large  number  of  oscillations  in  the  radio  response  indicates  a  low  termination  value.  This  may  be 
a  result  of  a  matched  complex  impedance  in  the  radio  tuner  (which  is  not  unreasonable  considering 
this  is  consistent  with  the  radio  operation)  or  a  short  circuit  resulting  from  an  electrical  arc  at  or  near 
the  antenna  port.  Further  experimentation  would  be  necessary  to  resolve  the  situation,  however,  the 
former  solution  seems  to  be  the  most  probable. 

Variation  with  Radio  Status: 

In  order  to  establish  how  the  induced  current  varies  with  the  status  of  the  radio,  current 
measurements  where  made  with  the  unit  in  power  off  mode  and  in  the  receive  mode.  The  transmit 
mode  was  not  measured  because  the  radio  emissions  would  saturate  the  ferrite  core  of  the  current 
probes  used  on  the  antenna  and  lead  to  erroneous  results  (and  possibly  damage  the  fiber  optic  link 
used  to  transmit  the  measured  signal  to  the  shielded  enclosure  where  it  was  recorded).  As  can  be 
seen  form  Figure  B4  there  is  no  difference  between  the  two  measured  results.  This  is  reasonable 
since  the  front  end  of  the  radio  is  essentially  composed  of  passive  elements,  hence,  the  load 
impedance  should  not  vary  with  the  power  status. 


Current  Induced  in  Handset: 

Although  the  antenna  is  often  the  primary  source  for  external  pick-up,  the  handset  is  also 
capable  of  coupling  a  substantial  current  into  the  radio.  In  the  worst-case  situation  (which  is  what 
was  used  In  the  evaluation)  the  handset  is  fully  extended  vertically  in  either  the  up  or  down  position. 
In  either  case  (and  experimentation  shows  they  produce  similar  responses),  the  handset  and  its 
cable  can  simply  be  considered  to  be  a  monopole  as  discussed  above.  The  current  typically 
induced  is  shown  if  Figure  B5.  Note  that  the  peak  values  exceed  those  of  the  72-cm  whip  antenna 
but  not  those  of  the  longer  antennae. 
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450 


Figure  B3:  Variation  in  current  induced  in  290-cm  antenna  with  the  PRC-77  in  receive  mode  and  power 

off.  Note  there  is  little  change.  No  current  measurements  where  made  in  the  Transmit  mode. 


Figure  B4:  Variation  in  induced  current  with  load.  The  highly  damped  curve  is  a  72-cm  antenna 

terminated  in  100  ohms  while  the  oscillating  curve  is  the  complex  Impedance  of  the  radio. 
The  oscillations  may  be  indicative  of  a  short  at  the  antenna  port. 
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ANNEX  C:  Calibration  and  Performance  Check  of  Radio 


ABSTRACT: 

Details  of  the  calibration  procedure  and  performance  checks  used  during  the  EMP  evaluation  are 
discussed.  Resuits  of  the  radio  monitoring  are  presented  and  it  is  shown  that  the  PRC-77  survived  the  EMP 
exposures  with  only  minor  degradation  in  performance. 

INTRODUCTION: 

In  order  to  evaluate  how  the  PRC-77  was  effected  by  EMP  exposure,  a  performance  check  of  the 
radio  prior  to  and  after  the  evaluation  was  required,  in  addition,  since  the  Investigation  proceeded  in  an 
incremental  fashion  with  each  step  providing  an  additional  degree  of  susceptibility.  It  is  possible  to  perform 
a  series  of  intermediate  tests  on  the  radio  to  establish  when  {and  if)  damage  occurs.  This  technique 
minimizes  the  damage  induced  on  the  unit  while  maximizing  the  information  obtained  from  the  evaluation. 

It  should  be  noted  that  the  procedures  used  to  monitor  the  radio  were  far  from  optimal.  For 
example,  an  extensive  analytical  test  was  performed  only  for  the  receive  mode  (the  transmit  mode  was 
tested  but  in  a  simpler  fashion),  in  addition,  since  only  changes  in  the  radio  performance  were  of  interest, 
little  effort  was  made  to  calibrate  the  radio  against  an  absolute  standard.  Finally,  the  method  used  to  record 
the  SNR  is  questionable  and  will  be  changed  in  future  evaluations. 

MONITORING  PROCEDURES: 

The  operation  of  the  radio  was  checked  using  a  number  of  procedures,  depending  on  the  status 
of  the  EMP  evaluation.  The  procedures  are  as  follows: 

1 )  The  first  is  a  simple  voice  check  between  the  radio  being  evaluated  and  a  similar  monitor  radio. 
Although  this  appears  to  be  an  overly  simple  and  highly  subjective  criteria,  it  is  sufficient  for 
the  relatively  simple  ‘go/no-go*  criteria  established  for  the  EMP  evaluation.  The  advantage  of 
this  test  is  that  it  is  very  quick  and  both  the  transmit  and  receive  mode  can  easily  be  checked 
between  series  of  EMP  exposures  (between  changes  in  orientation  etc.  for  example). 

2)  The  second  performance  check  is  a  more  quantitative  version  of  the  above  and  was  primarily 
performed  in  the  second  phase  of  the  EMP  evaluation.  In  this  case  the  receive  mode  was 
monitored  by  placing  a  second  radio  at  a  fixed  location  approximately  30  m  from  the  test  radio. 
This  second  radio  was  set  to  transmit  it’s  1 50  Hz  internal  tone  (used  for  the  squelch  control) 
or  alternatively  an  externally  induced  1  kHz  tone.  The  test  radio  was  set  to  receive  mode  and 
the  audio  signal  from  the  handset  was  monitored  on  an  oscilloscope.  With  it’s  whip  antenna 
removed,  the  volume  control  on  the  test  radio  was  then  adjusted  such  that  the  amplitude  of 
the  received  signal  was  only  a  factor  of  2-3  above  the  ambient  noise  level.  This  was  done  so 
that  the  Automatic  Volume  Control  inherent  in  the  radio  could  not  compensate  for  any 
degradation  which  may  occur.  The  signals  received  above  formed  the  baseline  for  periodic 
checks  during  the  EMP  evaluation  which  confirmed  the  radio's  continued  performance.  Note 
that  the  radios  were  returned  to  their  calibration  locations  for  these  performance  tests. 

In  order  to  monitor  the  transmit  mode,  the  test  radio  was  placed  at  a  fixed  location 
approximately  30  m  from  a  shielded  enclosure.  A  monopole  was  placed  on  this  enclosure  and 
the  induced  signal  (basically  the  carrier)  was  viewed  on  an  oscilloscope.  By  recording  the  signal 
strength  at  the  beginning  of  a  test  sequence  and  repeating  the  measurement  at  the  end,  any 
significant  changes  to  the  radio  would  be  detected. 
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As  with  the  voice  check  above,  this  procedure  is  not  intended  to  be  an  exhaustive  test  of  the 
radio  but  a  quick  check  to  ensure  it  has  passed  the  ’go/no-go*  criteria  of  the  EMP  evaluation. 


3)  The  final  monitoring  procedure  was  a  quantitative  test  performed  by  injecting  an  accurate 
signal  from  a  Hewlett  Packard  HP8685B  FM  signal  generator  into  the  co-axial  antenna  of  the 
radio  and  measuring  the  audio  output  at  the  unit’s  handset.  The  measurement  was  made  with 
a  Tektronix  DSA  602  digitizer  which  allows  conversion  of  the  time  domain  signal  into  the 
frequency  domain.  Therefore,  it  was  relatively  simple  to  accurately  measure  the  variations  in  the 
audio  signal  response  while  making  changes  to  the  FM  deviation,  carrier  amplitude  and  carrier 
centra)  frequency  as  summarized  in  Table  Cl. 

The  set  of  measurements  was  repeated  at  the  beginning  and  end  of  phase  one  and  at  the  end 
of  phase  two  of  the  EMP  evaluation  and  a  comparison  of  the  results  was  made  to  determine  if 
any  degradation  had  occurred  in  the  radio. 


MONITORING  RESULTS  AND  CONCLUSIONS: 

Since  the  tests  were  relatively  qualitative,  the  results  of  monitoring  procedures  1)  and  2)  can  be 
quickly  summarized  by  saying  that  the  PRC-77  suffered  no  apparent  damage  during  the  EMP  evaluation. 

The  results  of  the  third  procedure  are  summarized  in  Tables  C2  to  CIO.  The  contents  of  the  tables 
represent  a  compilation  of  the  relevant  data  determined  from  the  variation  of  certain  input  parameters  in  the 
FM  signal  generator  as  per  Table  Cl .  The  topic  of  each  Table  is  summarized  below: 


'■  1 

Table 

Frequency  {MHz] 

Parameter  Varied 

C2 

30 

frequency  deviation 

C3 

30 

carrier  amplitude 

C4 

30 

carrier  frequency 

C5 

50 

frequency  deviation 

C6 

50 

carrier  amplitude 

C7 

50 

carrier  frequency 

C8 

75 

frequency  deviation 

C9 

75 

carrier  amplitude 

CIO 

75 

carrier  frequency 

Appendix  Cl  Is  a  sample  of  raw  data  and  has  been  included  at  the  end  of  this  Annex  as  an  example  of  the 
nature  of  the  calibration  procedure.  The  data  is  the  final  calibration  at  a  carrier  frequency  of  30  MHz  and  is 
summarized  in  portions  of  Tables  C2  to  C4. 


Each  of  the  Tables  contains  Information  relevant  to  the  analysis  of  the  radio.  For  example.  Tables 
C2,  C5  and  C8  explore  the  variation  in  the  audio  signal  with  respect  to  the  frequency  deviation  of  the  input 
signal.  Two  pieces  of  information  are  extracted:  the  first  is  the  obvious  check  of  the  signal  magnitude  as 
represented  by  the  RMS  value.  The  second  is  the  amplitude  of  the  second  harmonic  (2  kHz)  in  the  Fourier 
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Transform  of  the  signal  relative  to  the  fundamental  (1  kHz).  This  value  is  a  measure  of  the  sinusoidal 
distortion  of  the  signal  as  the  frequency  deviation  increases.  There  are  only  small  deviations  between  the 
initial  and  final  data  which  could  be  attributed  to  measurement  error. 

Tables  C3,  C6  and  C9  measure  the  variation  with  respect  to  Input  signal  amplitude  expressed  as 
a  signal  to  noise  ratio  (SNR).  The  value  was  obtained  by  measuring  the  peak  value  of  the  fundamental  and 
comparing  this  to  the  noise  baseline  determined  at  approximately  8-9  kHz.  This  method  is  not  optimal  since 
it  is  prone  to  errors  induced  by  the  sampling  rate  and  window  size  in  the  FFT.  etc.  and  as  a  result  some  of 
the  SNR  values  are  questionable.  Other  methods  will  be  used  in  future  evaluations. 

Table  C4,  C7  and  CIO  explore  the  results  of  varying  the  central  frequency  of  the  carrier  by  various 
amounts.  The  RMS  values  obtained  from  the  audio  signal  are  consistently  a  few  percent  lower  after  the  EMP 
exposures,  however  such  small  changes  are  well  within  measurement  error  and  are  not  considered 
important. 

In  conclusion,  although  this  final  monitoring  procedure  is  a  more  detailed  check  and,  hence, 
provides  more  inf ormatio.i  about  the  radio,  it  is  still  reasonable  to  summarize  the  results  by  stating  that  the 
PRC-77  suffered  no  significant  damage  as  a  result  of  the  EMP  exposures.  There  are  a  number  of  faults  in 
the  monitoring  process,  for  example  the  transmit  mode  of  the  radio  was  not  extensively  tested.  Also,  since 
the  initial  and  final  calibration  were  performed  alrr  st  2  years  apart,  the  minor  changes  in  the  radio 
performance  may  be  attributed  to  aging  of  the  unit,  small  changes  in  the  evaluation  procedures,  etc.  Clearly, 
if  a  criteria  more  stringent  than  the  "go/no-go“  requirement  were  set  for  the  radio,  then  a  more  exhaustive 
monitoring  procedure  with  more  caution  in  its  implementation  would  have  been  justified  and  used.  As 
mentioned  previously  at  various  stages  of  this  report,  this  entire  evaluation  was  one  of  the  first  performed 
at  OREO  and  there  are  no  clients  requesting  specific  information.  As  a  result,  these  simplifications  were 
considered  acceptable  since  no  serious  compromise  has  been  made  in  the  evaluation  validity  or 
conclusions. 


FM  Signal  Generator: 

Radio: 

Frequency:  30,  50  or  75  MHz 

Frequency  Deviation:  1  to  10  kHz 

FM  Modulation:  1  kHz 

Amplitude:  0.1  to  10.0  fiV 

Carrier:  to  match  FM  generator 

Volume:  5  units 

co-axial  antenna 

Table  Cl:  Input  parameters  (bold)  used  in  the  monitoring  procedure  of  the  PRC-77  radio.  Each  value  was 
varied  individually  while  the  audio  output  at  the  handset  of  the  radio  was  recorded.  The  values 
obtained  at  the  end  of  the  EMP  evaluation  were  compared  to  those  obtained  in  the  Initial 
calibration  to  establish  if  any  radio  degradation  had  occurred. 


|  initial  Calibration 

Final  Calibration  | 

Frequency 

Deviation 

[kHz] 

RMS  Audio  Signal 
[mV] 

Magnitude  of 
second  harmonic 
relative  to 
fundamental  in 
FFT  of  the  Audio 
Signal  [dB] 

RMS  Audio  Signal 
[mV] 

Magnitude  of  1 
second  harmonic  1 
relative  to  | 

fundamental  in  | 
FFT  of  the  Audio  8 
Signal  [dB]  I 

1.0 

24.09 

-41 

22.29 

-36  1 

2.0 

48.41 

-30 

47.06 

-30  | 

3.0 

70.54 

— 

69.43 

-26 

4.0 

94.92 

-22 

92.10 

-23 

5.0 

112.2 

-22 

113.0 

-22 

6.0 

133.6 

-21 

133.2 

-22  8 

7.0 

•  151.1 

-20 

150.2 

-20  1 

8.0 

170.5 

-19 

166.1 

-17  I 

9.0 

183.3 

-17 

178.3 

-17  I 

10.0 

193.3 

-16 

187.1 

-16  | 

FM  Signal  Generator: 

Frequency: 

Freq.  Deviation: 

FM  Modulation: 
Amplitude: 


30.000  MHz 
varies 
1  kHz 
5  mV 


Radio: 

Carrier  30.00  MHz 

Volume:  5  units 

co-axial  antenna 


t 


Table  C2:  Records  the  change  in  the  PRC-77  operating  characteristics  when  the  frequency  deviation  was 
varied  from  1  to  10  kHz  about  a  carrier  frequency  of  30  MHz.  The  initial  calibration  took  place 
prior  to  the  EMP  evaluation  and  the  final  occurred  afterward.  The  minor  deviations  are  probably 
due  to  aging  of  the  radio  and  small  changes  in  the  monitoring  procedure. 
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Amplitude 

[MV] 

Initial  SNR 

Final  SNR  1 

0.1 

<1 

<1  1 

0.25 

-1 

-1  1 

0.5 

2 

2  1 

1.0 

6 

4  I 

2.5 

13 

11  1 

5.0 

27 

11 

10.0 

— 

32 

4 


FM  Signal  Generator: 


Frequency:  30.000  MH2 

Freq.  Deviation:  2  kHz 

FM  Modulation:  1  kHz 

Amplitude:  varies 


Radio: 

Carrier:  30.00  MHz 

Volume:  5  units 

co-axiai  antenna 


Table  C3:  Records  the  change  in  the  PRC-77  operating  characteristics  when,  the  carrier  amplitude  was 
varied  from  0.1  to  10  mV  with  a  carrier  frequency  of  30  MHz.  The  initial  calibration  took  place 
prior  to  the  EMP  evaluation  and  the  final  occurred  afterward.  The  deviations  are  probably  due  to 
changes  in  the  monitoring  procedure  and  the  somewhat  ambiguous  definition  of  the  SNR  (future 
evaluations  and  testing  will  rely  on  a  superior  SNR  measurement  criteria). 
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I  Frequency 

Initial  RMS  Audio  Signal 

Final  RMS  Audio  Signal  | 

[MHz] 

[mV] 

[mV] 

29.982 

17.6 

15.6 

29.984 

21.6 

19.6 

29.986 

26.6 

23.0 

29.988 

32.3 

32.1 

29.990 

38.3 

36.7 

29.992 

43.9 

42.0 

29.994 

48.2 

47.1 

29.996 

51.3 

49.1 

29.998 

50.3 

47.5 

30.000 

47.7 

45.5 

30.002 

43.7 

.  44.6 

30.004 

39.2 

37.0 

30.006 

35.4 

33.5 

30.008 

31.4 

30.7 

30.010 

27.8 

26.5 

30.012 

22.9 

22.5 

30.014 

18.7 

18.1 

30.016 

14.1 

14.5 

FM  Signal  Generator: 

Radio: 

Frequency:  varies 

Carrier: 

30.00  MHz 

Freq.  Deviation:  2  kHz 

Volume: 

5  units 

FM  Modulation:  1  kHz 

co-axial  antenna 

Amplitude:  5  pV 

Table  C4:  Records  the  change  in  the  PRC-77  operating  characteristics  when  the  carrier  frequency  was 
varied  around  a  central  frequency  of  30  MHz,  The  initial  calibration  took  place  prior  to  the  EMP 
evaluation  and  the  final  occurred  afterward.  The  minor  deviations  are  probably  due  to  aging  of 
the  radio  and  small  changes  in  the  monitoring  procedure. 
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|  Initial  Calibration 

Fined  Calibration  jj 

Frequency 

Deviation 

[kHz] 

RMS  Audio  Signal 
[mV] 

Magnitude  of 
second  harmonic 
relative  to 
fundamental  in 
FFT  of  the  Audio 
Signal  [dB] 

RMS  Audio  Signal 
[mV] 

Magnitude  of  1 
second  harmonic 
relative  to 
fundamental  in 
FFT  of  the  Audio 
Signal  [dB] 

1.0 

24.53 

-34 

24.03 

-35 

2.0 

47.83 

-30 

47.70 

-30 

3.0 

71.74 

-26 

71.15 

-26 

4.0 

91.11 

-24 

93.93 

-24  1 

5.0 

115.6 

-23 

115.1 

-22  | 

6.0 

137.5 

-22 

134.8 

-22  | 

7.0 

155.8 

-21 

152.5 

-20  | 

8.0 

171.5 

-18 

167.7 

-18  1 

9.0 

184.1 

-18 

180.1 

-18  | 

100 

194.4 

-17 

189.6 

-17  | 

FM  Signal  Generator: 


Frequency: 
Freq.  Deviation: 
FM  Modulation: 
Amplitude: 


50.000  MHz 
varies 
1  kHz 
5  mV 


Radio: 

Carrier:  50.00  MHz 

Volume:  5  units 

co-axial  antenna 


Table  C5:  Records  the  change  in  the  PRC-77  operating  characteristics  when  the  frequency  deviation  was 
varied  from  1  to  10  kHz  about  a  carrier  frequency  of  50  MHz.  The  initial  calibration  took  place 
prior  to  the  EMP  evaluation  and  the  final  occurred  afterward.  The  minor  deviations  are  probably 
due  to  aging  of  the  radio  and  small  changes  In  the  monitoring  procedure. 
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Amplitude 

[MV] 

Initial  SNR 

Final  SNR 

0.1 

<1 

<1 

0.25 

-1 

-1 

0.5 

4 

2 

1.0 

7 

6 

2.5 

13 

12 

5.0 

32 

13 

10.0 

45 

15 

FM  Signal  Generator: 


Frequency: 
Freq.  Deviation: 
FM  Modulation: 
Amplitude: 


50.000  MHz 
2  kHz 
1  kHz 
varies 


Radio: 

Carrier  50.00  MHz 

Volume:  5  units 

co-axial  antenna 


Table  C6:  Records  the  change  in  the  PRC-77  operating  characteristics  when  the  carrier  amplitude  was 
varied  from  0.1  to  10  mV  with  a  carrier  frequency  of  50  MHz.  The  initial  calibration  took  place 
prior  to  the  EMP  evaluation  and  the  final  occurred  afterward.  The  deviations  are  probably  due  to 
changes  in  the  monitoring  procedure  and  the  somewhat  ambiguous  definition  of  the  SNR  (future 
evaluations  and  testing  will  rely  on  a  superior  SNR  measurement  criteria). 
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Frequency 

[MHz] 

Initial  RMS  Audio  Signal 
[mV] 

Final  RMS  Audio  Signal  1 

[mV] 

49.982 

17.5 

16.7  8 

49.984 

21.7 

20.4  1 

49.986 

26.8 

25.4  1 

49.988 

32.7 

31.5 

49.990 

38.8 

36.0  i 

49.992 

43.9 

42.8  1 

49.994 

48.7 

47.5  | 

49.996 

51.6 

50.6 

49.998 

51.4 

50.5 

50-000 

48.9 

48.1 

50.002 

44.6 

44.4 

50.004 

40.0 

39.7 

50.006 

36.0 

35.6 

50.008 

32.3 

31.8 

50.010 

28.4 

27.6 

50.012 

23.6 

22.8 

50.014 

19.2 

18.0 

50.016 

14.4 

13.5 

FM  Signal  Generator: 

Radio: 

Frequency:  varies 

Carrier: 

50.00  MHz 

Freq.  Deviation:  2  kHz 

Volume: 

5  units 

FM  Modulation:  1  kHz 

co-axial  antenna 

Amplitude:  5  /uV 

Table  C7:  Records  the  change  in  the  PRC-77  operating  characteristics  when  the  carrier  frequency  was 
varied  around  a  central  frequency  of  50  MHz.  The  initial  calibration  took  place  prior  to  the  EMP 
evaluation  and  the  final  occurred  afterward.  The  minor  deviations  are  probably  due  to  aging  of 
the  radio  and  small  changes  in  the  monitoring  procedure. 
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|  Initial  Calibration 

Final  Calibration  j 

I  Frequency 

I  Deviation 

I  [kHz] 

RMS  Audio  Signal 
[mV] 

Magnitude  of 
second  harmonic 
relative  to 
fundamental  in 
FFT  of  the  Audio 
Signal  [dB] 

RMS  Audio  Signal 
[mV] 

Magnitude  of 
second  harmonic 
relative  to 
fundamental  in 
FFT  of  the  Audio 
Signal  [dB] 

1.0 

24.28 

-38 

24.06 

-34 

2.0 

48.49 

-29 

48.80 

-30 

3.0 

74.48 

-26 

72.37 

-26 

4.0 

94.69 

-26 

95.48 

-24 

5.0 

117.2 

-24 

116.9 

-23 

6.0 

136.4 

-22 

136.7 

-23 

7.0 

155.0 

-21 

154.5 

-20 

8.0 

169.5 

-19 

169.8 

-t8  I 

9.0 

186.8 

-18 

181.2 

-17  1 

10.0 

196.6 

-17 

191.7 

-17  1 

FM  Signal  Generator: 


Frequency: 
Freq.  Deviation: 
FM  Modulation: 
Amplitude: 


75.000  MHz 
varies 
t  kHz 
5  mV 


Radio: 

Carrier:  75.00  MHz 

Volume:  5  units 

co-axial  antenna 


Table  C8:  Records  the  change  In  the  PRC-77  operating  characteristics  when  the  frequency  deviation  was 
varied  from  1  to  10  kHz  about  a  carrier  frequency  of  75  MHz.  The  initial  calibration  took  place 
prior  to  the  EMP  evaluation  and  the  final  occurred  afterward.  The  minor  deviations  are  probably 
due  to  aging  of  the  radio  and  small  changes  in  the  monitoring  procedure. 
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1  Amplitude 

I  (MV) 

Initial  SNR 

Final  SNR 

i  0.1 

<1 

<1 

1  0.25 

2 

2 

0.5 

3 

3 

1.0 

9 

6 

2.5 

19 

13 

5.0 

40 

13 

10.0 

63 

49 

FM  Signal  Generator: 


Frequency: 
Freq.  Deviation: 
FM  Modulation: 
Amplitude: 


75.000  MHz 
2  kHz 
1  kHz 
varies 


Radio: 

Carrier:  75.00  MHz 

Volume:  5  units 

co-axial  antenna 


Table  C9:  Records  the  change  in  the  PRC-77  operating  characteristics  when  the  carrier  amplitude  was 
varied  from  0.1  to  10  /iV  with  a  carrier  frequency  of  75  MHz.  The  initial  calibration  took  place 
prior  to  the  EMP  evaluation  and  the  final  occurred  afterward.  The  deviations  are  probably  due  to 
changes  In  the  monitoring  procedure  and  the  somewhat  ambiguous  definition  of  the  SNR  (future 
evaluations  and  testing  will  rely  on  a  superior  SNR  measurement  criteria). 
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Frequency 

{MHz] 

Initial  RMS  Audio  Signal 
[mV] 

Final  RMS  Audio  Signal 
[mV] 

74.982 

12.3 

9.5 

74.984 

15.9 

14.8 

74.986 

20.1 

18.8 

74.988 

24.8 

22.8 

i  74.990 

29.4 

28.3 

r 

74.992 

33.5 

32.0 

74.994 

37.5 

35.2 

74.996 

41.4 

40.2 

74.998 

45.6 

44.9 

75.000 

49.9 

48.8 

75.002 

51.9 

51.0 

75.004 

51.3 

50.0 

75.006 

47.7 

46.7 

75.008 

43.0 

42.0 

75.010 

37.8 

36.9 

75.012 

31.5 

30.4 

75.014 

25.5 

24.1 

75.016 

20.9 

19.8 

75.018 

17.0 

16.0 

75.020 

10.2 

13.5 

Signal  Generator: 

Radio: 

Frequency: 

varies 

Carrier: 

75.00  MHz 

Freq.  Deviation: 

2  kHz 

Volume: 

5  units 

FM  Modulation: 

1  kHz 

co-axial  antenna 

Amplitude: 

5  /iV 

Table  CIO:  Records  the  change  in  the  PRC-77  operating  characteristics  when  the  carrier  frequency  was 
varied  around  a  central  frequency  of  75  MHz.  The  initial  calibration  took  place  prior  to  the  EMP 
evaluation  and  the  final  occurred  afterward.  The  minor  deviations  are  probably  due  to  aging 
of  the  radio  and  small  changes  In  the  monitoring  procedure. 


Appendix  Cl 

Raw  Data  Prom  PRC-77  Calibration 


Pages  48  to  64  are  an  indication  of  the  format  used  for  the  calibration  data.  The  data  shown  on 
pages  48  to  57  is  the  variation  in  the  frequency  deviation  during  the  final  radio  test  (at  the  end  of  the  EMP 
exposures  of  Phase  Two).  The  top  curve  in  the  plot  is  the  time-domain  response  of  the  audio  signal  received 
at  the  handset.  The  lower  curve  is  the  FFT  of  this  signal  and  was  included  as  a  means  of  quantifying  the 
harmonic  distortion  displayed  as  the  frequency  deviation  of  the  FM  input  signal  was  Increased  from  1  to 
9  kHz.  This  distortion  is  represented  by  the  magnitude  of  the  second  harmonic  relative  to  the  first  in  Tables 
C2,  C5  and  C8  (summaries  of  this  and  similar  data  sets).  The  RMS  values  of  the  time  domain  signals  were 
also  included  in  the  table  summary. 

The  data  shown  on  pages  58  to  64  is  again  the  audio  response  of  the  radio  but  this  time  the 
amplitude  of  the  FM  input  signal  was  varied  from  0.1  to  10.0  mV.  This  data  is  summarized  in  Tables  C3,  C6 
and  C9  as  a  signal-to-noise  ratio  (SNR).  The  measurement  of  this  ratio  proved  to  be  difficult  with  the 
methods  used  in  this  analysis  and  other  techniques  means  will  be  used  in  the  future. 
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Final  Radio  Taab  (Rum  Too)  -  Variation  in  Modulaticm  Indaz 


IM  Sinai  Ganarator: 
Fraquancy: 

Fraq.  Deviation: 
FM  Modulation: 
Amplitude: 

Radio: 

Carriar : 

Voluma: 

co-axial  antenna 


30.000  MBs 
1  kH*  ✓ 

1  kHz 
5  mV 

30.00  MSz 
3  unit* 


•  Averaging  in  TIbm  Domain 

•  FFT  of  Average  in  Fraquancy  Domain 
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Final  Radio  Tost  Ittua  Too)  -  Variation  in  Modulation  Index 


FM  Signal  Ganarator: 
Frequency : 

Freq.  Daviation: 
FM  Modulation: 
Amplitude: 

Radio: 

Carriar: 

Vo  Ian#; 

co-axial  antanna 


30.000  KHz 
3  kHz  / 

1  kHz 
3  /iV 

30.00  tffiz 
S  units 


•  Averaging  in  Tina  Domain 

•  FFT  of  Avaraga  in  Frequency  Domain 
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Final  Radio  Tast  (Aim  Two)  -  Variation  la  Modulation  Indaz 


Id  Signal  Ganarator: 
Fraquancy : 

Fraq.  Daviation: 
FM  Modulation: 
Aoplituda: 

Radio: 

Carriar : 

Volume: 

co-axial  antanna 


30.000  MBz 
S  kHz  / 

1  kHz 
5  itV 

30.00  Wi 
3  units 


•  Averaging  in  Tima  Domain 

♦  FFT  of  Average  in  Fraquancy  Domain 
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Final  Radio  Taat  ({base  Two)  -  Variation  in  Modulation  Index 


FM  Signal  Generator: 
Frequency: 

Freq.  Deviation: 
FM  Modulation: 
Aoiplitude; 

Radio: 

Carrier: 

Volina: 

co-axial  antanna 


30.000  MHx 
6  kBx  / 

1  kHz 
5  mV 

30.00  MBx 
S  units 


•  Averaging  in  Tina  Domain 

•  FFT  at  Avaraga  in  Frequency  Domain 
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Final  Radio  Taat  (Fbaaa  Two)  -  Variation  in  Modulation  Indax 


ffl  Signal  Ganarator: 
Frequency: 

Fraq.  Deviation: 
FM  Modulation; 
Amplitude : 

Radio; 

Carriar: 

Vo  liana: 

co-axial  antanna 


30.000  tffiz 
7  kHz  / 

1  kHz 
3  mV 

30.00  F»z 
3  unit* 


Averaging  in  Tina  Domain 

FFT  of  Avaraga  in  Frequency  Domain 


Final  Radio  Teat  (Phase  Two)  -  Variation  in  Modulation  Indax 


FM  Signal  Generator: 
Frequency : 

Freq.  Oaviatlon: 
FM  Modulation: 

Amplitude : 

Radio: 

Carriar: 

Vo  liana: 

co-axial  antanna 


30.000  MBs 
8  kHz  ✓ 

1  kHz 
5  iiV 

30.00  MBz 
5  unit* 


•  Averaging  in  Tina  Domain 

•  FFT  of  Avaraga  in  Frequency  Domain 
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Final  Badio  Tut  (Chaaa  Ian)  -  Variation  in  Modulation  Indax 


FM  Simal  Gamarator: 
Fraquancy: 

Fraq.  Daviation: 
FM  Modulation: 
Amplitude: 

Badio: 

Carxiar: 

Vo luma: 

co-axial  antanna 


30.000  MHz 
9  kHz  ✓ 

1  kHz 
3  nV 

30.00  MBz 
3  unita 


•  Averaging  in  Tina  Domain 

•  FFT  ot  Average  in  Frequency  Domain 
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Final  ludio  T..t  {Ftaaaa  Two)  -  Variation  in  Hodul«ti«  I»d. 


FM  Sinai  Generator: 
Frequency : 

Freq.  Deviation: 
FM  Modulation: 
Amplitude : 

Radio: 

Carriar: 

Vo  liana : 

co-axial  antanna 


30.000  MHz 
10  kHz  / 
1  kHz 
5  |iV 

30.00  (fiz 
S  unit* 


•  Aver a* 
.  FFT  of 


in  Time  Domain 
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Final  Radio  Teat  (Fbaaa  Two)  -  Variation  in  Amplitude 


IM  Signal  Ganarator: 
Frequency: 

Freq.  Deviation: 
FH  Modulation: 
Amplitude: 

Radio: 

Carriar: 

Vo luma: 

co-axial  antanna 


30.000  (fix 
Z  kHz 
1  kHz 
0.1  mV  ✓ 

30.00  (fix 
S  units 


•  No  Averaging  in  Tina  Domain 

•  Infinite  Persistence  in  Frequency  Domain 


58 


Ss.V.2 


DSA  602  DIGITIZING  SIGNAL  ANALYZER 
date:  21-DEC-92  time:  16:15:58 


Final  Radio  Tut  (Phase  Two)  -  Variation  in  Amplitude 


PH  Signal  Generator: 
Frequency : 

Freq.  Daviation: 
FM  Modulation: 
Aoplituda: 

Radio: 

Carriar: 

Volume: 

co-axial  ant anno 


ao.ooo  raz 

2  kHz 
1  kHz 

0.23  mV  ✓ 

30.00  MHz 

3  imita 


•  Ho  Avaraging  in  Tina  Domain 

•  Infinite  Paraiatanea  in  Frequency  Domain 
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Final  Radio  last  (Hum*  Two)  -  Variation  in  Amplitude 


FH  Signal  Oonorator: 
Frequency : 

Free.  Deviation: 
FM  Modulation: 
Aaplituda: 

Radio: 

Carrier: 

Volume: 

co-axial  ant anna 

•  Mo  Averaging  In  Tina 

•  Infinite  Peraiatence 


30.000  Wi 

2  kHt 
1  kHr 
0.3  mV  J 

30.00  FSi 

3  unita 


Domain 

in  Frequency  Domain 


I 
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Final  Radio  Taat  (Fhua  Too)  -  Variation  in  Amplitude 


FM  Signal  Generator: 
Frequency: 

Freq.  Deviation: 
FM  Modulation: 
Ampli tuda : 

Radio: 

Carrier: 

Volume: 

co*axial  antenna 


30.000  MBs 

2  kHz 
1  kHz 

1.0  mV  ✓ 

30.00  MHz 

3  units 


•  Ho  Averaging  in  Time  Domain 

•  Infinite  Persistence  in  Frequency  Domain 
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Final  Radio  Taat  (Fbasa  Two)  -  Variation  In  Amplitude 


FM  Signal  Generator: 

Frequency:  30.000  MHz 

Freq.  Deviation:  2  kHz 

FM  Modulation:  1  kHz 

Amplitude:  2.5  ✓ 

Radio: 

Carrier:  30.00  MHz 

Volume:  5  unite 

co-axial  antenna 

•  Ho  Averaging  in  Time  Domain 

•  Infinite  Peraiatence  in  Frequency  Domain 
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Final  Radio  last  (Fhaaa  Too)  -  Variation  In  Amplitude 


FM  Signal  Ganarator; 

Frequency:  30.000  MB* 

Freq.  Daviation:  2  kHz 

FM  Modulation:  1  kHz 

Amplitude:  5.0  /iV  ✓ 

Radio: 

Carrier :  30.00  MHz 

Volume:  5  units 

co-axial  antanna 

•  Ho  Averaging  in  Time  Domain 

•  Infinite  Farsiatanca  in  Frequency  Domain 
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Final  Radio  Ta»t  (Phase  Two)  -  Variation  In  Amplitude 


FM  Signal  Canarator: 
Frequency : 

Freq.  Daviation: 
FM  Modulation: 
Amplitude: 

Radio: 

Carrier: 

Volume : 

eo-azial  antenna 


30. 000  iBz 

2  kHz 
1  kHz 

10.0  mV  ✓ 

30.00  MBz 

3  unite 


•  Ho  Averaging  in  Time  Domain 

•  Infinite  Persistence  in  Frequency  Domain 
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